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6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH,QWHUQHW9LVLRQ1HW¶
$XWRPDWHG/HXNDHPLD'HWHFWLRQXVLQJ0LFURVFRSLF
,PDJHV

1LPHVK3DWHOD$VKXWRVK0LVKUDE
D7KDSDU8QLQYHUVLW\3DWLDOD,QGLD
E7KDSDU8QLYHUVLW\3DWLDOD,QGLD
$EVWUDFW
,QWKLVSDSHUDXWRPDWHGDSSURDFKRIOHXNDHPLDGHWHFWLRQLVSURSRVHG,QDPDQXDOPHWKRGRI/HXNDHPLDGHWHFWLRQH[SHUWVFKHFN
WKHPLFURVFRSLFLPDJHV7KLVLVOHQJWK\DQGWLPHWDNLQJSURFHVVZKLFKGHSHQGVRQWKHSHUVRQ¶VVNLOODQGQRWKDYLQJDVWDQGDUG
DFFXUDF\ 7KH DXWRPDWHG /HXNDHPLD GHWHFWLRQ V\VWHP DQDO\VHV WKH PLFURVFRSLF LPDJH DQG RYHUFRPHV WKHVH GUDZEDFNV ,W
H[WUDFWV WKH UHTXLUHGSDUWV RI WKH LPDJHV DQG DSSOLHV VRPH ILOWHULQJ WHFKQLTXHV.PHDQFOXVWHULQJ DSSURDFK LV XVHG IRUZKLWH
EORRG FHOOV GHWHFWLRQ7KH KLVWRJUDP HTXDOL]DWLRQ DQG=DFN DOJRULWKP LV DSSOLHG IRU JURXSLQJZKLWH EORRG FHOOV 6RPH RI WKH
IHDWXUHVOLNHPHDQVWDQGDUGGHYLDWLRQFRORXUDUHDSHULPHWHUHWFDUHFDOFXODWHGIRUOHXNDHPLDGHWHFWLRQ7KH690LVXVHGIRU
FODVVLILFDWLRQ 7KH SURSRVHG V\VWHP LV WHVWHG RQ LPDJH GDWDVHW DQG  DFFXUDF\ LV DFKLHYHG 7KH SURSRVHG V\VWHP LV
VXFFHVVIXOO\LPSOHPHQWHGLQ0$7/$%

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH
,QWHUQHW9LVLRQ1HW¶
.H\ZRUGVLPDJHSURFHVVLQJOHXNDHPLDGHWHFWLRQEORRGFDQFHUGHWHFWLRQZKLWHEORRGFHOOGHWHFWLRQ
,QWURGXFWLRQ
7KHPLFURVFRSLFLPDJHVRIWKHEORRGFHOOVDUHREVHUYHGWRILQGRXWPDQ\GLVHDVHV&KDQJHVLQWKHEORRGFRQGLWLRQ
VKRZ WKH GHYHORSPHQW RI GLVHDVHV LQ DQ LQGLYLGXDO /HXNHPLD FDQ OHDG WR GHDWK LI LW LV OHIW XQWUHDWHG /HXNHPLD
RULJLQDWHVLQWKHERQHPDUURZ(DFKERQHFRQWDLQVDWKLQPDWHULDOLQVLGHLWZKLFKLVDOVRNQRZQDV DERQHPDUURZ
ZKLFKLVVKRZQLQWKHILJD7KHFRPSRQHQWVRIEORRGDUH5HG%ORRG&HOOVHU\WKURF\WHV:KLWH%ORRG&HOOV
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OHXFRF\WHV DQGSODWHOHWV/HXNHPLD LV GHWHFWHGRQO\E\ DQDO\]LQJ WKHZKLWHEORRG FHOOV6RRXU VWXG\ LV IRFXVHG
RQO\RQWKHZKLWHEORRGFHOOV:%&V

)LJDERQHPDUURZDQGEORRGFRPSRQHQWVEZKLWHEORRGFHOOVHYROXWLRQ

)LJEVKRZV6WHPFHOOHYROYHVLQWRP\HORLGVWHPFHOORULQWRO\PSKRLGVWHPFHOO0\HORLGVWHPFHOOHYROYHV
LQWRP\HORLGEODVW5HGEORRGFHOOV HU\WKURF\WHVZKLWHEORRGFHOOV OHXFRF\WHVDQGSODWHOHWVDUHJHQHUDWHG IURP
WKHP\HORLGEODVW/\PSKRLGVWHPFHOODOVRHYROYHVDQGOHDGVWRWKHO\PSKRLGEODVWZKLFKZLOOILQDOO\JHQHUDWHZKLWH
EORRG FHOOV7KHUH H[LVW ILYH W\SHV RIZKLWH EORRG FHOOV LQ EORRGZKLFK DUH O\PSKRF\WHVP\HORF\WHV QHXWURSKLO
EDVRSKLODQGHRVLQRSKLO,QOHXNDHPLDDEQRUPDOZKLWHEORRGFHOOVDUHEHLQJSURGXFHGE\WKHERQHPDUURZ7KHVH
DEQRUPDOZKLWH EORRG FHOOV VKRXOG GLH DIWHU VRPH WLPH EXW WKH\ GRQ¶W DQG WKXV WKH\ EHFRPH QXPHURXV LQ FRXQW
7KHVHQXPHURXVDEQRUPDOZKLWHEORRGFHOOVLQWHUUXSWQRUPDOZKLWHEORRGFHOOV LQGRLQJWKHLUZRUN/HXNHPLDFDQ
EHFODVVLILHGEDVHGXSRQKRZIDVWLWEHFRPHVVHYHUH/HXNDHPLDLVFODVVLILHGDVFKURQLFRUDFXWH
 &KURQLF/HXNDHPLD ± ,QIHFWHGZKLWH EORRG FHOOV SHUIRUP OLNH QRUPDOZKLWH EORRG FHOOV DQG JUDGXDOO\ LW
LQFUHDVHVDQGEHFRPHVVHYHUH
 $FXWH/HXNDHPLD±,QIHFWHGZKLWHEORRGFHOOVGRQRWSHUIRUPOLNHQRUPDOFHOOVDQGWKH\LQFUHDVHUDSLGO\LQ
FRXQWDQGEHFRPHVHYHUH
:HFDQDOVRVXEFODVVLI\LWEDVHGXSRQWKHVWHPFHOOVJHQHUDWHGIURPWKHERQHPDUURZ
 $FXWH/\PSKRF\WLF/HXNDHPLD$//
 $FXWH0\HORLG/HXNDHPLD$0/
 &KURQLF/\PSKRF\WLF/HXNDHPLD&//
 &KURQLF0\HORLG/HXNDHPLD&0/
3UHYLRXVZRUN
,QWKHOLWHUDWXUHVRPHKDVGRQHDYDOXDEOHZRUNLQPDNLQJWKHDXWRPDWHGV\VWHPRIGHWHFWLQJWKHOHXNDHPLDIURP
WKHPLFURVFRSLFLPDJH0DGKORRPSHUIRUPHGVRPHLPDJHDULWKPHWLFRSHUDWLRQVDQGVRPHWKUHVKROGRSHUDWLRQVWR
ILQGRXWWKHZKLWHEORRGFHOOQXFOHL6LQKDGLIIHUHQWLDWHGILYHW\SHVRIOHXFRF\WHVE\XVLQJWKHNPHDQVFOXVWHULQJ
DOJRULWKPDQGVRPHFODVVLILFDWLRQPRGHOV.RYDOHYGHWHFWHGQXFOHLILUVWDQGDSSOLHGDUHJLRQJURZLQJWHFKQLTXHV
6FRWWL XVHG VRPH WKUHVKROGRSHUDWLRQV ORZSDVV ILOWHU IRU UHPRYDORI EDFNJURXQGDQG FOXVWHULQJ IRUZKLWHEORRG
FHOOV VHJPHQWDWLRQ 3LXUL SHUIRUPHG ZKLWH EORRG FHOO VHJPHQWDWLRQ XVLQJ HGJH GHWHFWLRQ DQG WUDLQHG D QHXUDO
QHWZRUNE\PRUSKRORJLFDOIHDWXUHVWRUHFRJQLVHO\PSKREODVW+DOLPSURSRVHGDQDXWRPDWHGV\VWHPZKLFKFRXQWV
D E
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QXPEHU RI EODVWV DQG DOVR DSSOLHG VRPH WKUHVKROG RSHUDWLRQ RQ 6 FRPSRQHQW RI +69 FRORXU VSDFH0RKDSDWUD
DSSOLHGFOXVWHULQJIRUZKLWHEORRGFHOOVVHJPHQWDWLRQDQGH[WUDFWHGVRPHRIWKHIHDWXUHVOLNHVKDSHFRORXUWH[WXUH
IUDFWDO)RXULHUGHVFULSWRUVDQGFRQWRXU7KHV\VWHPZDV WUDLQHG WRUHFRJQLVH/HXNDHPLD'RQLGD/DEDWLSURSRVHG
WKHGDWDVHWLQFOXGLQJWKHEORRGVDPSOHVRIWKHQRUPDOSDWLHQWVDQGOHXNDHPLDSDWLHQWVZKLFKIRXQGYHU\KHOSIXOIRU
RXUSURSRVHGV\VWHPWHVWLQJ
6KLWRQJGHYHORSHGDWHFKQLTXHPHUJLQJWKHWKUHVKROGVHJPHQWDWLRQIX]]\DQGVRPHPDWKHPDWLFDOPRUSKRORJ\
,WLVYHU\JRRGLQGHWHFWLQJWKHOHXFRF\WHVIDVWHUWKDQDQ\RWKHUWHFKQLTXHGRHV7KHSUREOHPZLWKWKLVWHFKQLTXHLV
WKDWLWLVQRWVHSDUDWLQJWKHQXFOHXVDQGF\WRSODVPSURSHUO\
*KRVK LQWURGXFHGD WHFKQLTXH WR ILQGRXWDFFXUDWH WKUHVKROG IRU WKHVHJPHQWDWLRQRI WKH OHXFRF\WHV+HXVHG
IX]]\ GLYHUJHQFH LQ WKDW WHFKQLTXH +H KDV XVHG YDULRXV IXQFWLRQV OLNH *DXVVLDQ *DPPD &DXFK\ HWF LQ WKDW
WHFKQLTXH7KLVWHFKQLTXHZRUNVZHOOIRUVHJPHQWLQJWKHQXFOHXVEXWWKHH[WUDFWLRQRIF\WRSODVPKDVQRWEHHQWDNHQ
FDUHZKLFKLVDOVRDVLPSRUWDQWDVWKHQXFOHXVH[WUDFWLRQLQFDQFHUGHWHFWLRQ
'RULQL SURSRVHG D VFKHPH IRU WKHQXFOHXV H[WUDFWLRQ7KHZDWHUVKHG WUDQVIRUPKDVEHHQXVHG LQ WKLV VFKHPH
ZKLFKLVEDVHGRQWKHLPDJHIRUHVWWUDQVIRUP+HKDVH[WUDFWHGF\WRSODVPE\XVLQJWKHVL]HGLVWULEXWLRQLQIRUPDWLRQ
7KLVVFKHPHLVQRWZRUNLQJZHOOLIWKHF\WRSODVPLVQ¶WURXQG
$QJXORSURSRVHGD V\VWHP LQZKLFKKHSURSRVHG³WZRVWDJHEORRG LPDJH VHJPHQWDWLRQDOJRULWKP´7KH\DUH
XVLQJ ELQDU\ ILOWHULQJ DQG VRPH DXWRPDWLF WKUHVKROG WHFKQLTXHV 7KLV V\VWHP SHUIRUPV ZHOO IRU H[WUDFWLQJ WKH
QXFOHXV F\WRSODVP DQG QXFOHROXV IURP WKH O\PSKRF\WH LPDJHV 7KH WZR VWDJH VHJPHQWDWLRQ SURFHVV KDV EHHQ
DSSOLHGKHUH DQGEHFDXVHRI WKLV WKH FRPSXWDWLRQ WLPH LV KLJKHU7KH LPDJHV DUH WDNHQ XQGHUGLIIHUHQW OLJKWHQLQJ
FRQGLWLRQZKLFKPDNHVGLIILFXOWWRFKRRVHWKHRSWLPXPWKUHVKROGIRUVHJPHQWDWLRQ
(VFDODQWHLQYHQWHGDVFKHPHIRUFODVVLI\LQJWKHOHXNHPLDXVLQJWKHVZDUPPRGHO7KHOHXNHPLDFHOOVQHHGWREH
LVRODWHGPDQXDOO\ WRPDNH WKLV V\VWHP ZRUN 7KHVH LVRODWHG FHOOV DUH WKHQ VHJPHQWHG E\0DUNRY UDQGRP ILHOGV
7KHVHVHJPHQWHGQXFOHXVDQGF\WRSODVPDUHWKHQXVHGWRILQGRXWIHDWXUHVRIWKHW\SHRIWKHOHXNHPLD

3URSRVHGZRUN
7KHSURSRVHGV\VWHPRIDXWRPDWHGOHXNDHPLDGHWHFWLRQIURPPLFURVFRSLFLPDJHLVVKRZQEHORZLQILJ

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
)LJ3URSRVHGPHWKRGRI/HXNDHPLDGHWHFWLRQ


,PDJH$FTXLVLWLRQ

%ORRGLPDJHVRIWKHJRRGSL[HOTXDOLW\DUHREWDLQHGIURPDQ\QHDUHVWKRVSLWDO

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,PDJH3UHSURFHVVLQJ

7KHDFTXLUHGLPDJHPD\FRQWDLQVRPHQRLVH7KHUHPD\EHDEOXUUHGUHJLRQLQWKHLPDJHZKLFKLVLPSRUWDQWIRU
RXU VWXG\ 7KH QRLVH LV UHPRYHG IURP WKH LPDJH XVLQJ PHGLDQ ILOWHULQJ :LHQHU ILOWHU LV XVHG WR UHPRYH WKH
EOXUULQHVVLQWKHLPDJH,PDJHFOHDQLQJDOVRQHHGWREHSHUIRUPHG,QWKHLPDJHFOHDQLQJDOOWKHOHXFRF\WHVZKLFK
DUHDWWKHHGJHRIWKHLPDJHDQGDOOWKHRWKHUFRPSRQHQWVZKLFKDUHQRWOHXFRF\WHVDUHWREHUHPRYHGIRUWKHEHWWHU
VWXG\6ROLGLW\QHHGWREHPHDVXUHGIRULPDJHFOHDQLQJ)LUVWDUHDDQGWKHFRQYH[DUHDRIHDFKOHXFRF\WHQHHGWREH
PHDVXUHGDQGWKHQRQO\ZHFDQILQGVROLGLW\IRUWKHLPDJHFOHDQLQJ

    ݏ݋݈݅݀݅ݐݕ ൌ ௔௥௘௔
ୡ୭୬୴ୣ୶ୟ୰ୣୟ


7KHLPDJHZHKDYHJRWLVLQWKH5*%IRUPZKLFKLVQHHGHGWREHFRQYHUWHGLQWRWKHJUH\VFDOHLPDJHIRUIXUWKHU
SURFHVVLQJ

,PDJH6HJPHQWDWLRQ

,Q WKLV SKDVH RXU PDLQ DLP WR LGHQWLI\ WKH ZKLWH EORRG FHOOV 7KHUH H[LVW ILYH W\SHV RI ZKLWH EORRG FHOOV DV
GLVFXVVHGDERYHEXWRXUPDLQVWXG\ LVRQO\RQ O\PSKRF\WHVDQGP\HORF\WHV6RZHJURXSRQO\ O\PSKRF\WHVDQG
P\HORF\WHV DQG RWKHU WKUHH ZKLWH EORRG FHOOV OLNH QHXWURSKLO EDVRSKLO DQG HRVLQRSKLO DUH GLVFDUGHG IURP RXU
LPDJHV:HKDYHDSSOLHG.PHDQFOXVWHULQJIRUWKHZKLWHEORRGFHOOVGHWHFWLRQ:KHQZHFRQYHUWWKHLPDJHVLQWR
WKHJUH\VFDOHVWKHQWKHQXFOHXVRIZKLWHEORRGFHOOVEHFRPHWKHGDUNHVWUHJLRQRIWKHLPDJH:HDSSO\KLVWRJUDP
HTXDOL]DWLRQDQGWKHQZHDSSO\=DFNDOJRULWKPIRUWKHJURXSLQJWKHO\PSKRF\WHVDQGP\HORF\WHV:HKDYHDSSOLHG
VRPHWHFKQLTXHIRUWKHLGHQWLILFDWLRQRIWKHJURXSHGOHXFRF\WHVZKLFKLVGLVFXVVHGLQVHFWLRQ ,PDJHFOHDQLQJ
LV GHVFULEHG LQ VHFWLRQ  )LQDOO\ WKH QXFOHXV DQG F\WRSODVP DUH H[WUDFWHG IURP WKH O\PSKRF\WHV ZKLFK DUH
GLVFXVVHGLQVHFWLRQ

,GHQWLILFDWLRQRIJURXSHGOHXFRF\WHV

2QH RI WKHPDLQ SUREOHPV LQ DQDO\VLQJ WKH EORRG LPDJH LV WKH DGMDFHQW FHOOV ,I WKH FHOOV DUH JURXSHG RU QRW
VHSDUDWHGIURPHDFKRWKHUWKHQZHFDQQRWVWXG\VRPHRIWKHIHDWXUHVRIFHOO,QWKHDGMDFHQWFHOOVWKHLUQXFOHXVZLOO
EH MRLQHG WKHUHIRUHZHFDQQRW ILQGRXWDUHDRI WKHQXFOHXV:HKDYH WR VHSDUDWH WKHVHJURXSHG OHXFRF\WHVEHIRUH
VWXG\LQJWKHPIXUWKHU7KHUHDUHVRPDQ\PHWKRGVDYDLODEOHZKLFKDUHKHOSIXOWRILQGRXWWKHVHJURXSHGOHXFRF\WHV
IURPWKHEORRGLPDJH:HKDYHXVHGURXQGQHVVPHDVXUHWRILQGRXWWKHVHJURXSHGOHXFRF\WHV7KHUHDVRQZHFKRVH
URXQGQHVVLVWKDWZHFDQLGHQWLI\JURXSHGOHXFRF\WHVMXVWE\DQDO\VLQJWKHVKDSHRIWKHP0RVWRIWKHFHOOVZLOOEH
URXQGLQVKDSHEXWWKHJURXSHGFHOOVDUHQRWKDYLQJWKHURXQGVKDSH5RXQGQHVVFKHFNVZKHWKHUWKHVKDSHLVFLUFXODU
RUQRWE\H[FOXGLQJWKHORFDOLUUHJXODULWLHV5RXQGQHVVFDQEHJDLQHGE\GLYLGLQJWKHDUHDRIDFLUFOHWRWKHDUHDRIDQ
REMHFWE\XVLQJWKHFRQYH[SHULPHWHU
ܴ݋ݑ݊݀݊݁ݏݏ ൌ
Ͷ ൈ Ɏ ൈ 
ܿ݋݊ݒ݁ݔ̴݌݁ݎ݅݉݁ݐ݁ݎଶ

7KHYDOXHRIURXQGQHVVLVLIWKHREMHFWLVFLUFXODUDQGWKHYDOXHRIURXQGQHVVLVOHVVWKDQIRUWKHQRQFLUFXODU
REMHFWV5RXQGQHVVLVQRWYHU\PXFKVHQVLWLYHWRWKHLUUHJXODUERXQGDULHVEHFDXVHLWH[FOXGHVWKHORFDOLUUHJXODULWLHV
$IWHU VRPH ZHOO REVHUYDWLRQV ZH IRXQG WKDW WKH YDOXH  FDQ EH XVHG DV D WKUHVKROG WR SURSHUO\ GLVWLQJXLVK
EHWZHHQWKHVLQJOHOHXFRF\WHDQGWKHJURXSVRIOHXFRF\WHV7KHFRPSRQHQWVZKLFKDUHKDYLQJWKHURXQGQHVVYDOXH
PRUHWKDQWKHYDOXHRIWKUHVKROGDUHFRQVLGHUHGDVWKHLQGLYLGXDOOHXFRF\WHZKLOHWKHFRPSRQHQWVZKLFKDUHKDYLQJ
WKHURXQGQHVVYDOXHOHVVWKDQWKHYDOXHRIWKUHVKROGDUHFRQVLGHUHGDVJURXSHGOHXFRF\WHV7KHLQGLYLGXDOOHXFRF\WHV
DUHVHQWQH[WIRUWKHIXUWKHUVWXG\DQGWKHJURXSHGOHXFRF\WHVFDQEHHLWKHUVHQWWRWKHVHSDUDWLRQSURFHVVRUMXVWFDQ
EHUHMHFWHGIURPRXUIXUWKHUVWXG\,QRXUPRGHOZHUHMHFWWKHVHJURXSHGOHXFRF\WHVIURPRXUIXUWKHUVWXG\

,PDJHFOHDQLQJ

7KHPDLQREMHFWZKLFKZHVWXG\ LQPLFURVFRSLF LPDJH LV WKH OHXFRF\WHV:HQHHG WRQHJOHFW HYHU\WKLQJRWKHU
WKDQ OHXFRF\WHV IURP WKH LPDJH :KHQ ZH WDNH D SLFWXUH RI WKH EORRG WKHUH PD\ EH D FDVH WKDW VRPH RI WKH
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OHXFRF\WHVDUHRQWKHHGJHRIWKHLPDJHWKHUHIRUHDSRUWLRQRIWKHOHXFRF\WHDSSHDUVRQWKHHGJHRIWKHLPDJH7KHVH
SDUWLDO OHXFRF\WHV PD\ FUHDWH HUURUV LQ WKH VWXG\ ,Q WKH LPDJH FOHDQLQJ SURFHVV DOO WKH REMHFWV ZKLFK DUH QRW
OHXFRF\WHV DQG WKH OHXFRF\WHVZKLFK DUHRQ WKH HGJHRI WKH LPDJH DUH UHPRYHG VR WKDWZH FDQJHW EHWWHU UHVXOWV
7KHUHDUHWZRRSHUDWLRQVZKLFKZHQHHGWRSHUIRUPKHUH±³&OHDQLQJWKHHGJHRIDQLPDJH´DQG³5HPRYHDEQRUPDO
REMHFWV´7KHILUVWRQHLVHDVLHUWKDQWKHVHFRQGRQH:HKDYHWRFRXQWWKHQXPEHURIOHXFRF\WHV7KHVL]HRIWKHDUHD
LVWKHLPSRUWDQWPHDVXUHZKLFKQHHGVWREHFDOFXODWHG7KHPHDQDUHDLVJRLQJWREHFDOFXODWHGIURPWKHVL]HRIWKH
DUHD7KHPHDQDUHDLVXVHGWRGLVFDUGWKHLUUHJXODUFRPSRQHQWV7KHFRPSRQHQWZKLFKLVKDYLQJDYHU\VPDOODUHD
PLJKW WKHFRPSRQHQWZKLFK LV ORFDWHGRQ WKHHGJHRI WKH LPDJH7KHFRPSRQHQWZKLFK LVKDYLQJYHU\ ODUJHDUHD
PLJKWEHWKHDGMDFHQWFHOOVRIOHXFRF\WHV7KHDUHDDQGWKHFRQYH[DUHDERWKQHHGWREHFDOFXODWHGIRUWKHUHPRYDORI
WKHFRPSRQHQWVKDYLQJVPDOODQGYHU\ODUJHDUHD6ROLGLW\LVXVHGWRILQGRXWWKHGHQVLW\RIDFRPSRQHQW6ROLGLW\
YDOXHFDQEHREWDLQHGE\GLYLGLQJWKHDUHDWRWKHFRQYH[KXOORIHDFKFRPSRQHQW

ݏ݋݈݅݀݅ݐݕ ൌ
ܽݎ݁ܽ



,IWKHVROLGLW\YDOXHLVWKHQZHFDQVD\LWLVDVROLGREMHFW,IWKHVROLGLW\YDOXHLVOHVVWKDQWKHQZHFDQVD\LWLV
D FRPSRQHQW KDYLQJ LUUHJXODU ERXQGDULHV 7KH WKUHVKROG YDOXH IRU VROLGLW\ ZKLFK LV XVHG IRU LGHQWLI\LQJ WKH
DEQRUPDOFRPSRQHQWVFDQEHREWDLQHGIURPWKHLPDJHZKLFKLVKDYLQJLQGLYLGXDOOHXFRF\WHVRQO\$IWHUKDYLQJVR
PDQ\H[SHULPHQWVYDOXHFDQHIILFLHQWO\EHXVHGWRILQGRXWDEQRUPDOFRPSRQHQWVIURPWKHLPDJH6RLV
WKHWKUHVKROGYDOXHIRUWKHVROLGLW\7KHFRPSRQHQWVZKLFKDUHKDYLQJWKHVROLGLW\YDOXHOHVVWKDQWKHWKUHVKROGDUH
UHPRYHG,QIDFWWKHFRPSRQHQWVKDYLQJOHVVHUYDOXHWKDQWKHWKUHVKROGDUHWKHFRPSRQHQWVZKLFKDUHRQWKHHGJH
RIWKHLPDJHZKLFKQHHGWREHGLVFDUGHG

1XFOHXVDQGF\WRSODVPVHOHFWLRQ

7KHOHXFRF\WHVLGHQWLILHGLQDERYHVWHSVFDQQRZEHXVHGWRH[WUDFWWKHQXFOHXVDQGF\WRSODVP7RFDUU\RXWWKLV
VWHSZHFURSWKHLPDJHZLWKWKHERXQGLQJER[VL]H7KLVVL]HLVWKHUHFWDQJOHZKLFKFDQSURSHUO\ILWWKHFRPSRQHQW
VRWKDWZHFDQLVRODWHHDFKFRPSRQHQWVRIDQLPDJH:HKDYHWRVHSDUDWHRXWHDFKOHXFRF\WHE\WKLVPHWKRG7KH
ERUGHUVRIHYHU\VXELPDJHREWDLQHGOLNHWKLVKDYHWREHFOHDQHGXSEHIRUHZHSURFHHG1RZWKHSRUWLRQRXWVLGHWKH
OHXFRF\WH KDV WR EH FURSSHGZKLFK ZLOO KHOS XV LQ JHWWLQJ WKH F\WRSODVP 7KLV PHWKRG FRPSOHWHO\ UHPRYHV WKH
DUWHIDFWV:HKDYHXVHG&VHNH¶VREVHUYDWLRQWRILQGRXWQXFOHXVLQRXUPHWKRG7KHREVHUYDWLRQVD\VWKDWWKHZKLWH
EORRGFHOOVQXFOHLDUHPRUHLQFRQWUDVWRQWKHJUHHQFRPSRQHQWRIWKH5*%FRORXUVSDFH6RZHFDQJHWQXFOHXVE\
XVLQJ WKH WKUHVKROG 7R JHW WKH F\WRSODVP ZH QHHG WR SHUIRUP VXEWUDFWLRQ EHWZHHQ QXFOHXV LPDJH DQG ZKROH
OHXFRF\WHLPDJH

)HDWXUH([WUDFWLRQ

,QWKLVSKDVHZHWU\WRH[WUDFWVRPHRIWKHIHDWXUHVIURPWKHSURFHVVHGLPDJH+HUHZHWU\WRILQGRXWWKHIHDWXUHV
RIWKHQXFOHXVRIP\HORF\WHVDQGO\PSKRF\WHV)HDWXUHH[WUDFWLRQLVWKHSURFHVVRIFRQYHUWLQJWKHLPDJHLQWRGDWDVR
WKDWZHFDQFKHFNWKHVHYDOXHVZLWKWKHVWDQGDUGYDOXHVDQGILQDOO\ZHFDQGLIIHUHQWLDWHEHWZHHQWKHFDQFHURXVDQG
QRQFDQFHURXVGDWD6RPHRIWKHIHDWXUHVZKLFKDUHQHFHVVDU\WREHFDOFXODWHGDUHOLVWHGEHORZ

 &RORXU)HDWXUHV±7KHPHDQFRORXUYDOXHVRIWKHJUH\LPDJHVDUHDFTXLUHG
 *HRPHWULF )HDWXUHV ± 7KH SHULPHWHU UDGLXV DUHD UHFWDQJXODULW\ FRPSDFWQHVV FRQYH[LW\ FRQFDYLW\
V\PPHWU\HORQJDWLRQHFFHQWULFLW\VROLGLW\DUHREWDLQHG
 7H[WXUH)HDWXUHV±7KHHQWURS\HQHUJ\KRPRJHQHLW\FRUUHODWLRQDUHREWDLQHG
 6WDWLVWLFDO)HDWXUHV±7KHVNHZQHVVPHDQYDULDQFHDQGJUDGLHQWPDWUL[DUHREWDLQHG

 ൌ ͳ െ
݉݅݊݋ݎܽݔ݅ݏ
݆݉ܽ݋ݎܽݔ݅ݏ


    ܧܿܿ݁݊ݐݎ݅ܿ݅ݐݕ ൌ ඥሺ௠௔௝௢௥௔௫௜௦
మି௠௜௡௢௥௔௫௜௦మሻ
୫ୟ୨୭୰ୟ୶୧ୱ

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
ܴ݁ܿݐܽ݊݃ݑ݈ܽݎ݅ݐݕ ൌ

݆݉ܽ݋ݎܽݔ݅ݏ ൈ ݉݅݊݋ݎܽݔ݅ݏ


 ൌ
݌݁ݎ݅݉݁ݐ݁ݎ௖௢௡௩௘௫



ܥ݋݉݌ܽܿݐ݊݁ݏݏ ൌ
Ͷ ൈ Ɏ ൈ 
݌݁ݎ݅݉݁ݐ݁ݎଶ


(ORQJDWLRQVKRZV WKHZD\RIDQREMHFWHORQJDWLRQ5HFWDQJXODULW\ VKRZVKRZZHOO WKHERXQGLQJER[ LV ILOOHG
(FFHQWULFLW\LVWKHUDWLRRIWKHPDMRUD[LVOHQJWKDQGWKHIRFLRIWKHHOOLSVH&RQYH[LW\VKRZVWKHUHODWLYHDPRXQWRI
GLIIHUHQFH RI REMHFW IURP LWV FRQYH[ REMHFW &RPSDFWQHVV LV WKH UDWLR RI WKH DUHD RI DQ REMHFW DQG DUHD RI FLUFOH
KDYLQJVDPHSHULPHWHU

,PDJH&ODVVLILFDWLRQ

,QWKLVILQDOSKDVHWKHIHDWXUHVH[WUDFWHGDUHXVHGWRSURYLGHWKHILQDODQVZHU$OOIHDWXUHH[WUDFWHGDUHOLVWHGLQWR
WKHGLIIHUHQWFROXPQVZLWKWKHLUYDOXHV:KHQZHJLYHDQ\LPDJHDVDQLQSXWWRWKHSURSRVHGV\VWHPWKHQZHILUVW
FDOFXODWHWKHIHDWXUHYDOXHV7KHYDOXHVRIWKHWHVWLPDJHIHDWXUHVDUHFKHFNHGZLWKWKHSUHYLRXVO\FDOFXODWHGYDOXHV
%DVHG RQ WKH YDOXHV RI WKH LQSXW LPDJH WKH 690 FODVVLILHU FODVVLILHV WKDW WHVW LPDJH LQWR HLWKHU LQIHFWHG RU QRW
LQIHFWHGFODVV
([SHULPHQWDOUHVXOWV
7KHPLFURVFRSLFLPDJHKDVEHHQVHQWWRWKHSURSRVHGV\VWHP7KHV\VWHPWKHQJLYHVWKHVXEVHTXHQWLPDJHVDV
WKHUHVXOW





D E
F G
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


)LJ,PDJHVSURGXFHGE\WKHSURSRVHGV\VWHP

7KHPLFURVFRSLF LPDJHZKLFK LV JLYHQ WR WKH V\VWHP LV VKRZQ LQ WKH ILJ D WKHQ V\VWHP UHPRYHV QRLVH DQG
SHUIRUPVHGJHFOHDQLQJDQGWKHQFRQYHUWVWKHLPDJHLQWRWKHJUH\VFDOHLPDJHZKLFKLVVKRZQLQWKHILJEWKHQ
V\VWHPFRQYHUWVWKDWJUH\LPDJHLQWRWKHFOXVWHULQGH[LPDJHZKLFKLVVKRZQLQWKHILJFWKHQRQDSSO\LQJWKH.
PHDQFOXVWHULQJDSSURDFK WKUHHFOXVWHUVDUHPDGHZKLFKDUH UHGEORRGFHOOVFOXVWHUZKLWHEORRGFHOOVFOXVWHUDQG
EDFNJURXQG )LJ G LV VKRZLQJ WKH ILUVW FOXVWHUZKLFK LV WKH EDFNJURXQG RI WKH LPDJH )LJ H LV VKRZLQJ WKH
VHFRQGFOXVWHUZKLFKLVWKHUHGEORRGFHOOVFOXVWHU)LJILVVKRZLQJWKHWKLUGFOXVWHUZKLFKLVWKHZKLWHEORRGFHOOV
FOXVWHU7KHSURSRVHGV\VWHPLVWHVWHGE\WKHGLIIHUHQWPLFURVFRSLFLPDJHVDQGWKHDFFXUDF\LVDOVRFDOFXODWHG7KH
LPDJHGDWDVHWZHKDYHXVHGKHUHLV$//,'%SURSRVHGE\'RQLGD/DEDWL7KHLPDJHVDUHGLIIHUHQWLQPDQ\WHUPV
RI OLJKWHQLQJ PDJQLILFDWLRQ DQG UHVROXWLRQ 7ZHQW\VHYHQ LPDJHV DUH IHWFKHG IURP WKH ZKROH $//,'% GDWDVHW
ZKLFKDUHWDNHQIURPWKHVDPHFDPHUDDQGVDPHOLJKWLQJFRQGLWLRQ


7DEOH3URSRVHGPHWKRGSHUIRUPDQFHIRUZKLWHEORRGFHOOVLGHQWLILFDWLRQ

,PDJH 0DQXDO&RXQW $XWR&RXQW $FFXUDF\
,PDJH   
,PDJH   
,PDJH   
,PDJH   
,PDJH   
,PDJH   
,PDJH   


7KHVDPSOHVRILPDJH¶VUHVXOWVDUHVKRZQLQWKHWDEOH7KHDFFXUDF\IRXQGRIWKHSURSRVHGV\VWHPLV
7KHSURSRVHGV\VWHPDOVRFRXQWVWKHSHUFHQWDJHRIWKHLQIHFWLRQLQWKHEORRGLPDJH
&RQFOXVLRQV
7KH PDLQ IRFXV RI WKLV SDSHU LV WR SURSRVH DQ DXWRPDWHG V\VWHP ZKLFK FDQ GHWHFW WKH OHXNDHPLD IURP WKH
PLFURVFRSLFLPDJHWRLPSURYHWKHDFFXUDF\DQGUHGXFHWKHWLPHWRGHWHFWWKDQWKHPDQXDODSSURDFK6RPDQ\OLYHV
FDQEHVDYHGE\XVLQJWKHSURSRVHGDXWRPDWHGDSSURDFKRIOHXNDHPLDGHWHFWLRQ7KHPDMRUSDUWRIWKLVZRUNLV WR
VHJPHQWWKHO\PSKRF\WHVDQGP\HORF\WHVZKLWHEORRGFHOOVIRUOHXNDHPLDGHWHFWLRQ7KHDFFXUDF\DFKLHYHGLQWKH
H I
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SURSRVHGV\VWHPLV:HFDQDOVRXVHWKHSURSRVHGV\VWHPWRILQGRXWWKHSHUFHQWDJHRIOHXNDHPLDLQIHFWLRQ
LQPLFURVFRSLFLPDJH:HKRSHWKLVDSSURDFKZLOOEHEHQHILFLDOIRUWRGD\¶VIDVWOLIHDQGHDUO\GHWHFWLRQRIOHXNDHPLD
ZLWKRXWDQ\QHHGRIFRVWO\WHVWVDQGZLWKDEHWWHUDFFXUDF\
5HIHUHQFHV
 0DGKORRP+7.DUHHP 6$ $ULIILQ+ =DLGDQ$$ $ODQD]L+2 =DLGDQ%%$Q DXWRPDWHGZKLWH EORRG FHOO QXFOHXV ORFDOL]DWLRQ DQG
VHJPHQWDWLRQXVLQJLPDJHDULWKPHWLFDQGDXWRPDWHGWKUHVKROG-$SSO6FL±
 6LQKD 1 5DPDNULVKQDQ $* $XWRPDWLRQ RI GLIIHUHQWLDO EORRG FRXQW ,Q &KRFNDOLQJDP $ HGLWRU 3URFHHGLQJV RI WKH FRQIHUHQFH RQ
FRQYHUJHQWWHFKQRORJLHVIRUWKH$VLD3DFLILFUHJLRQ2FWREHU±7DM5HVLGHQF\%DQJDORUH,(((3XEOLVKHUS±
 .RYDOHY9$*ULJRULHY$<$KQ+5REXVWUHFRJQLWLRQRIZKLWHEORRGFHOOLPDJHV,Q.DYDQDXJK0(:HUQHU%HGLWRUV3URFHHGLQJVRI
WKHWKLQWHUQDWLRQDOFRQIHUHQFHRQSDWWHUQUHFRJQLWLRQ$XJXVW±9LHQQD$XVWULD,(((3XEOLVKHUS±
 6FRWWL ) 5REXVW VHJPHQWDWLRQ DQGPHDVXUHPHQWV WHFKQLTXHV RIZKLWH FHOOV LQEORRGPLFURVFRSH LPDJHV ,Q'DSRQWH 3 /LQQHQEULQN 7
HGLWRUV 3URFHHGLQJVRI WKH ,((( LQVWUXPHQWDWLRQ DQGPHDVXUHPHQW WHFKQRORJ\ FRQIHUHQFH ±$SULO 6RUUHQWR ,WDO\ ,((( 3XEOLVKHU
S±
 3LXUL 9 6FRWWL ) 0RUSKRORJLFDO FODVVLILFDWLRQ RI EORRG OHXFRF\WHV E\ PLFURVFRSHLPDJHV ,Q 3URFHHGLQJV RI WKH ,((( LQWHUQDWLRQDO
FRQIHUHQFHRQFRPSXWDWLRQDOLQWHOOLJHQFHIRUPHDVXUHPHQWV\VWHPVDQGDSSOLFDWLRQV±-XO\%RVWRQ0$86$,(((3XEOLVKHU
S±
 +DOLP1+$0DVKRU0<+DVVDQ5$XWRPDWLFEODVWV FRXQWLQJ IRU DFXWHOHXNHPLDEDVHGRQEORRG VDPSOHV ,QW -5HV5HY&RPSXW6FL
$XJXVW
 0RKDSDWUD63DWUD'6DWSDWK\6$QHQVHPEOHFODVVLILHUV\VWHPIRUHDUO\GLDJQRVLVRIDFXWHO\PSKREODVWLFOHXNHPLDLQEORRGPLFURVFRSLF
LPDJHV-1HXUDO&RPSXW$SSO±
 'RQLGD/DEDWL53LXUL96FRWWL)$//,'% WKHDFXWH O\PSKREODVWLF OHXNHPLDLPDJH'DWD%DVH IRU LPDJHSURFHVVLQJ ,Q0DFT%HQRW
6FKHONHQV 3HWHU HGLWRUV3URFHHGLQJV RI WKH WK ,((( ,&,3 LQWHUQDWLRQDO FRQIHUHQFH RQ LPDJH SURFHVVLQJ6HSWHPEHU ± %UXVVHOV
%HOJLXP,(((3XEOLVKHUS±
 : 6KLWRQJ DQG : 0LQ $ QHZ GHWHFWLRQ DOJRULWKP EDVHG RQ IX]]\ FHOOXODU QHXUDO QHWZRUNV IRU ZKLWH EORRG FHOO GHWHFWLRQ ,(((
7UDQVDFWLRQVRQ,QIRUPDWLRQ7HFKQRORJ\LQ%LRPHGLFLQH±-DQXDU\
 0*KRVK''DV &&KDNUDERUW\ DQG$. 5D\$XWRPDWHG OHXNRF\WH UHFRJQLWLRQ XVLQJ IX]]\ GLYHUJHQFH0LFURQ ±

 /% 'RULQL 5 0LQHWWR DQG 1- /HLWH :KLWH EORRG FHOO VHJPHQWDWLRQ XVLQJ PRUSKRORJLFDO RSHUDWRUV DQG VFDOHVSDFH DQDO\VLV ,Q
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±2FWREHU
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